Abstract. In this paper, taking the South China area as an example, a list of construction wastes has been established based on the bill of quantities, and a calculation method for the production of construction waste of new residential projects has been proposed. According to the existing research data, the scrap rate of the main materials is obtained, and the waste production of the newly-built project is estimated, which is 0.326 m³per unit area . The model in this article estimates the amount of construction waste and promotes the classification and reduction of construction waste at the construction site. It is recommended to adopt source reduction measures, implement a classification system and improve relevant laws and regulations, as well as optimize the waste market. Meanwhile, this model includes waste production budget into bidding, providing reference for improving the management level of domestic construction departments.
Introduction
Recently, the process of urbanization has intensified and the old city has gradually improved. Disposal of construction waste has become one of the focuses of domestic and foreign scholars. According to available data, China's annual construction waste accounts for 40% of the total municipal waste (Li, 2007) . Taking the example of Guangzhou, a major city in South China (Fig. 1) , the newly-built construction area was 162,895,600 m 2 Alsulaiman and Nizam, 2018) . Due to the differences in the types of building structure, construction technology, and management level, as well as the complex and diverse output of construction waste, the calculation is relatively troublesome. In addition, the data analysis method is different from each country and region resulting the waste rate being difficult to be used directly (Li et al., 2016; Sufiya et al., 2018) . In addition, it takes much time and manpower to accurately obtain the scrap rate of building materials. Therefore, many scholars reflect the production of construction waste through the ratio of building materials to waste (Fattaet al 2007 (GBS, 2017 Proper reduction and disposition of construction waste will promote the efficiency of resources and sustainable development of economy and environment, which arouse attention from all countries in the world. The waste disposal and on-site construction management level of the new building is related to the sustainable development of China's construction industry (Liu and Wang, 2011; Adegbuyi et al., 2018) . In this paper, taking South China as an example, based on the bill of quantities, the output of new construction waste is analyzed. By estimating the output of waste generated during the construction of a new construction project through bill of quantities, it is possible to more accurately understand the types and output of construction waste, so that the governments and contractors can intuitively know the disposal costs of construction waste. Then the economic benefits of recycling wastes are derived, encouraging contractors to adopt "reduction, recycling and utilization" strategies. Besides, with the bill of quantities, implementation of energy conservation and emission reduction will be more effective.
Literature review
Bossink and Brouwers (1996) conducted on-site observation and weighed five housing buildings, and found that the waste rate of various building materials accounted for 1% to 10% of the purchased materials, and an average 9% of purchased materials became waste. Enshassi's research in Gaza revealed that the material waste rate was about 3.6-11% (Enshassi, 1996; Roslee and Tongkul, 2018) . Solís-Guzmán et al. (2009) investigated the scrap rate of materials from 1 to 10 floors of civil residential through the classification of budget. Tam et al. (2007) investigated 19 engineering projects based on work subcontracting and project types, and analyzed the loss of five major building materials. Katz and Baum (2011) surveyed 10 multi-storey civil construction projects on the spot and found that the loss of main building materials was different at various construction stages, and also found the scrap rates of the main materials at different stages, such as concrete, steel bars, blocks, mortar, tiles, and wood. Through field surveys of 22 new construction projects and questionnaires, Poon et al. (2004) obtained waste rates for various materials during the construction process of government projects and private projects. According to the European waste list, Llatas (2011) divided construction waste into residual waste, packaging waste, earthwork, and hazardous waste. He established an estimation model for construction waste and estimated the output of several major wastes. In Brazil, Pinto and Agopyan (1994) found that waste generated from the construction project accounted for 20%-30% of the material weight in the construction site. Paola et al. (2015) used two models to quantify the weight and volume of several newly-built residential construction wastes, in order to quantify the waste of Mediterranean residential projects which were under construction. It was found that the data between the models were different from the data collected by other projects by an average of 1-10%. Fatta et al. (2003) assumed the average construction waste generation rates in the construction field and estimated the total amount of construction waste in Greece. Based on the construction permit issued by Thailand, Kofoworola and Gheewala (2009) used construction area to estimate the construction waste of the construction and demolition project, and found that the waste generated from the residential project and the non-residential project was 21.38 kg/m 2 and 18.99 kg/m 2 , respectively. In order to estimate the total amount of waste, Villoria Sáez et al. (2012, 2014) use construction area as a variable to evaluate waste production. Based on the production and composition of waste from the demolition project in the Florida area of Spain, Cochran et al. (2017) obtained estimations of construction waste from residential and non-residential projects. According to the weight estimations, the main components of waste are: concrete accounted for 56%, wood 13%, gypsum board 11%, residual debris 8% and roof coating 7%. Through calculation and investigation, Mah et al. (2016) found that different construction methods would affect the production of construction waste. They also concluded that the production of waste generating from the buildings, which used traditional construction method, was 9.88 t/100 m 2 , the mixed construction method was 3.29 t/100 m 2 , and the demolition project was 104.28 t/100 m 2 . Between 2011 and 2016, the construction and demolition waste in Tehran (Iran Capital) reached 82,645,051 m 3 , which included 30% of mixed mortar, 19% of concrete, 18% of broken bricks, and 11% of earthworks (Alireza, et al., 2017; Shabi et al., 2018) . The waste rate of new construction projects in different Countries (Region) is shown in Table 1 . In China, some scholars pay attention to the quantitative estimation of construction waste. Wang et al. (2010) conducted investigations on 116 construction areas. Under construction projects throughout the country, they found out that the projects might produce waste at various stages of construction. According to the investigation data on construction waste from Central China, the amount of materials that have not been converted into structures and turned into scrap accounts for about 1% to 15% of material purchases (Wu et al., 2000; Mahtab et al., 2018) . Through interviews and questionnaire, Li et al. (2010 Li et al. ( , 2013b ) obtained the scrap rates and the volume of use of major materials, as well as the amount of waste generated during the demolition of temporary facilities. Then they calculated the output of construction waste per construction area. At the same time, 25 new construction projects were investigated, including 16 residential projects, 2 commercial projects, 4 industrial projects, and 3 public projects. Meanwhile, the characteristics of different types of construction materials waste rates were discovered. Through comparison, the management level of construction waste in domestic construction departments was analyzed. 
Methods

Establishment of an estimation model for construction waste
List of the classification of construction wastes
In this study, various aspects of the project manager were examined through questionnaires and personal interviews.Combine existing research and surveys and based on APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 17 (1) The construction waste sorting list is integrated according to the construction site and construction purpose, which basically involves all the construction site of the entire construction process, and has ensured the integrity and accuracy of the measurement of construction waste. List of construction waste on the construction site is shown in Table 5 .
Determination of construction waste inventory
In order to determine the quantity of each item that may generate construction waste in the construction process Qi. This article refers to a list of the quantities of 10 new residential projects in South China ( Table 4 ) and categorize the content of the list. Those types of project structures in the list are mainly frame structures and frame shear structures (Table  5) , which are the basement or multi-story buildings, as well as typical residential projects. 
Estimation of construction waste production
In order to calculate the amount of construction waste, determining the bill of quantity that may generate construction waste should be done. During the construction of the project, the construction waste is divided into three categories: packaging waste, 
where Bi CW is the estimated waste production during construction;
Pi CW is the production of packaging waste at the construction stage "i";
Ri CW is the output of residual waste during the construction phase "i";
Si CW is the amount of residual soil at the construction stage "i".
The type and quantity of packaging waste generated during each construction phase is calculated by Equation 2:
where Pi CW is the production of packaging waste at the construction stage "i"; i Q is the amount of materials used during the construction phase "i"; P F is packaging and waste factors; C F is conversion factor; I F is incremental factor. The type and amount of residual waste generated during each construction phase is calculated by Equation 3:
where CWRi is the output of residual waste during the construction phase "i"; Qi is the amount of materials used during the construction phase "i"; P F is packaging and waste factor; FC is conversion factor; FI is incremental factor.
The type and quantity of spoil produced during each construction phase is calculated by Equation 4:
where CWSi indicates the estimation of production of spoil at construction stage "i"; Qi is the amount of materials used during the construction phase "i"; FS is soil factor; FC is conversion factor; FI is incremental factor. 
Cases
Case introduction
This article uses a typical new residential project in South China as a case. In Table 6 , the selected list items cover most of the construction processes of the house construction and help us to compute the parts of the list that may generate waste more comprehensively. According to formula (2), (3), and (4), the following examples are listed in Table 6 . The main waste of list item 010505001 "Beamed slabs" is concrete, and the project volume is 907.79 m 3 , the waste rate is 3.1%. With this data, the waste production calculated by formulate (3) . In Table 6 , the most important waste is earthwork, mortar concrete, wood, scrap bricks, etc. (Figs. 2-3 ). 
Case analysis (1) Result analysis
According to the above analysis and existing research data (Llatas, 2011; Azeem et al., 2018) , the proportion of concrete, bricks and blocks, ceramics, mortar, metal, and wood in the construction waste is large (Fig. 6) . This article establishes a simple construction waste estimation model. By enumerating the application of the model to a new construction project, the estimation model can use the engineering bill of quantities to estimate the production of new construction waste based on the scrap rate of building materials. Then, through visits of construction site and existing research surveys, the main components and sources of construction waste can also be found. Through research, it has been found that the differences in the scrap rates for different types of building materials are significant. a b Compare research data from China to that from other countries (Regions), the unit of measurement is different because of the different methods for measuring building waste ( Table 7) . Compared with existing domestic data, the survey analysis in this article shows that the amount of construction waste generated from new residential projects in South China is lower than our previous research data. Liu and Wang (2013) 
(3) Causes analysis
The production of construction waste in developed countries is lower than that in China, since researches started early on construction waste, the waste disposal market is relatively mature and the technology is more advanced in other developing countries. Recently, with the gradual promotion of green construction technology, construction waste has attracted the attention of the domestic construction industries. Then, due to the rapid development of BIM technology, BIM has been used increasingly widespread in the construction industry, reducing rework and material waste. Meanwhile, the use of prefabricated construction components has reduced waste production to some extent (Tam and Hao, 2014; Villoria Sáez et al., 2014; Zho et al., 2018) . Besides, the improvement of construction technology, the strengthening management of governments and construction departments, as well as the economic benefits of waste recycling make the production of construction waste show a decreasing trend.
With the rapid development of economy and education, the demands of professionals from all aspects of work have also increased. Due to the gradual promotion of tertiary education, the management level of managerial staff and the professional quality of people have been improved. People's awareness of waste disposal has also been significantly improved at the same time. In addition, the government has gradually strengthened the management of construction waste and increased publicity on the proper management of construction waste, relevant laws and regulations have also been continuously improved. All of the improvement above prompting workers and managers to increase their management awareness about the reduction of construction waste. Therefore, the total amount of construction waste generated during the construction process gradually decreases.
Results and discussion
At present, the total amount of waste generated annually by construction activities in China is still huge, the overall utilization rate is low, and the environmental impact is large. Therefore, effective measures must be adopted to strengthen the management of construction waste. This paper proposes the following aspects to strengthen the reduction management of construction waste.
(1) Reduction of the source of construction waste
In developed countries, the management of construction waste mainly adopts reduction measures from the origin. To fundamentally reduce the production of (2) Implementing a classification system
Different structural types of projects should adopt different classification disposal systems. Relevant departments should formulate a waste classification system and require the construction companies to paste the regulations of construction wastes on the construction sites. As for the waste generated at the construction site, it should be classified into inert or hazardous. It is better to transport recycled waste firstly, then recycle waste, and finally transport non-recyclable waste to designated locations for disposal.
(3) Improving related laws and establish supervision and management system
Although many places have issued relevant construction waste disposal systems, there is no clear control over the production of construction waste, and there are no specific requirements for classification, disposal, and reasonable recycling. Therefore, we must further improve the construction waste disposal system and implement supporting management measures. People should aware that it is forbidden to bury recyclable construction waste, and the recycling waste must be sorted, recycled, or stacked according to regulations. Also, relevant departments must use law to punish the companies which disobey the regulation strictly..
(4) Making economic benefits more considerable
China does not pay enough attention to the recycling of construction waste, since there is no good market for the recycling of construction waste, and relevant departments have not seen the considerable benefits of recycling waste. Construction waste is a renewable resource, thus, recycling of construction waste should be developed as an industry. Relevant departments should take active measures to encourage recycling of construction waste.
(5) Including waste production budget in bidding
At present, a large amount of construction waste not only wastes a lot of raw materials, but also causes huge financial losses Including the production budget of construction waste into bids as a requirement for bidding can solve these problems efficiently. For example, the owner can put the requirements for recycling into the bidding documents, then, the contractor should estimate the production of construction waste and the cost of its loss, meanwhile, the contractor shall propose specific measures for waste reduction in the bidding documents and estimate the cost saving from adopting waste reduction measures. This will not only allow owners and contractors to see the considerable economic benefits of building waste, but also encourage contractors to adopt recycling strategies for construction waste during the construction process to reduce waste production. The waste of construction will be decreased significantly, if the reduction of construction waste is incorporated into the "Tendering and Bidding Law" as a mandatory requirement, and the indicators for various types of construction waste production being identified according to the type of tender projects.
Conclusions
(1) This paper builds an estimation model of construction waste based on bill of quantities and lists new projects in Southern China applying the model. After the analysis of component and production of the construction waste in the project, it can be found that the average output of waste per area of the new construction project is 0.326 m 3 , which is consistent with the situation in the southern regions and is relatively the same as existing research studies. This model is simple and useful, since it uses a bill of quantities to compile a list of construction waste and it can be used in other structural types of projects. By estimating the possible construction waste, the government and the construction departments can see the waste production and economic losses directly, so as to promote and encourage the construction departments to take effective measures to manage the construction waste and improve the management level of on-site construction.
(2) Through the analysis of results, the disposal method of construction waste is discussed. The number of construction waste will be decreased greatly, if taking the reduction of the source of construction waste as the primary measure, establishing a perfect sorting and disposal system and improving relevant regulations and policies, as well as implementing supporting management measures. Besides, it is better to make the economic benefits of recycling construction waste more considerable and improve the management of waste market. Also, including the production budget of construction waste in bidding documents as a bidding requirement is necessary. Finally, if the reduction of construction waste is written into the "Tendering and Bidding Law" as a mandatory requirement and the control indicators for waste production can be identified clearly, the total amount of construction waste will be reduced significantly.
(3) There are some disadvantages of this study. As for the areas of this study, it only covers residential projects, except of commercial, industrial, educational and other public projects. In terms of the construction waste estimation model, the waste lists using to estimate are not enough and not complete. These drawbacks will be improved in future research.
(4) The conclusion of this paper can be used as a reference for construction waste research, especially for developing countries. Many developing countries do not have a European construction waste list standard, but they can measure the amount of waste in conjunction with the local bill of quantities and waste rates.
